To determine the possible impact of better CVH on VTE incidence, we studied the association of the AHA's Life's Simple 7 metric and its individual components with VTE risk in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, a large biracial population-based cohort from the contiguous United States. Given that racial disparities have been demonstrated for both the Life's Simple 7 score and VTE incidence, [11] [12] [13] we evaluated associations separately by race. We also compared associations of the Framingham 10-year coronary heart disease (CHD) risk score, designed to predict CHD risk, with VTE.
Methods Participants
REGARDS is a population-based cohort study evaluating racial and geographic disparities in stroke and cognitive decline in the contiguous United States. After mailings to potential participants identified from a commercial list, between January 2003 and October 2007, 30 239 individuals 45 years and older were enrolled by telephone and examined by an in-home visit.
Telephone response rate was 33% and cooperation rate 49%, similar to other cohort studies. 14 Black participants and residents of the stroke belt in the southeastern United States (North Carolina, South Carolina, Georgia, Alabama, Mississippi, Tennessee, Arkansas, and Louisiana) were oversampled by design. The sample included 45% men and 55% women, 58% whites and 42% blacks, 56% stroke belt residents, and 44% residents of the other 40 contiguous states. 15 Individuals with active cancer or undergoing cancer treatment were excluded. Demographic, socioeconomic factors, medical history (including self-reported VTE), and verbal informed consent were obtained using a computer-assisted telephone interview.
At the in-home examination, written informed consent was obtained and BP, anthropomorphic measures, blood samples, electrocardiogram, and a medication inventory were assessed using standardized protocols. 15 Baseline use of hormone replacement therapy was defined as never, former, or current use. At the end of the in-home examination, the Block 98 food frequency questionnaire (FFQ) was left with the participants for self-administration and mailed to the study coordinating center. 16 Using the FFQ, each participant recorded food intake for the previous year. Study methods were reviewed and approved by the institutional review boards at each study institution. For this analysis, 1749 participants who reported a history of VTE before the baseline examination and 1088 participants using warfarin at baseline were excluded.
Measurements and Definitions
Life's Simple 7 18 An overall score ranging from 0 to 14 was then calculated as the sum of the 7 component scores. This score was categorized as inadequate (0 to 4), average (5 to 9), or optimal (10 to 14) for CVH. Diet information was missing or unusable for 6086 (27%) participants, and Life's Simple 7 summary scores were not calculated for these participants.
Income was dichotomized at $75 000 annually with a separate category for 3730 participants unwilling to disclose this information. Education was dichotomized as less than college degree versus college graduate or above. 
Venous thrombosis ascertainment
VTE endpoints were adjudicated through an ancillary study to REGARDS. The outcome was first incident DVT or PE adjudicated through February 2011. Detailed methods for case ascertainment have been reported on previously. 13 Briefly, participants or their proxies were contacted every 6 months to identify potential strokes and hospitalizations for other causes. 19 Potential VTE cases were ascertained using 4 (17) 128 (17) Diastolic blood pressure, mm Hg (SD) 76 (9) 77 (10) Cholesterol-total, mg/dL (SD) 188 (38) 193 (40) Glucose, mg/dL (SD) 100 (25) 104 ( (16) 2411 (16) major trauma, surgery, marked immobility, or were associated with active cancer or chemotherapy. All other events were considered unprovoked.
Statistical Analysis
All analyses were completed using SAS software (version 9.3; SAS Institute Inc., Cary, NC). VTE incidence rates and 95% confidence intervals (CIs) were calculated for poor, intermediate, or ideal levels of each of the individual Life's Simple 7 components, as well as for inadequate, average, or optimal category of the overall score. Cox proportional hazards models were used to calculate the hazard ratio (HR) (as an estimate of relative risk) of VTE by baseline status for the overall score categories, for a 1-point increment in the overall score, and for each of the individual Life's Simple 7 components (in separate models with each component examined individually). Models were adjusted for age, sex, income, education, race, region of residence, and race9r-egion interaction (owing to a known interaction of race and region on VTE incidence in the cohort). 13 The proportional hazards assumption was confirmed by examining Schoenfeld residuals. Separate models were adjusted additionally for baseline aspirin or statin use. Given that Life's Simple 7 is related to kidney disease, 17 and kidney disease is a VTE risk factor, 20 additional adjustment for baseline estimated glomerular filtration rate (eGFR) was also undertaken. We also calculated VTE incidence rates and HRs using the Framingham 10-year CHD risk score, which includes 4 of the 7 Life's Simple 7 components (cholesterol, BP, diabetes, and smoking). This score calculates the predicted 10-year risk of a CHD event and was categorized as 0% to 5% (reference), 5% to 10% (low risk), 10% to 20% (intermediate risk), and 20+% (high risk). Analyses were adjusted as described above, with added adjustment for statin use at baseline.
All analyses were performed in the overall study population and then separately by race, for provoked and unprovoked VTE, and for DVT versus PEAEDVT. Interaction terms for the overall Life's Simple 7 scores, and for the individual score components, were evaluated by sex and were considered significant if the interaction P value was <0.10. Owing to the fact that racial disparities have been demonstrated for both the Life's Simple 7 score and VTE incidence, [11] [12] [13] we planned a priori to present secondary analyses stratified by race. Sensitivity analyses were performed to test whether obesity status explained the associations of the overall Life's Simple 7 scores with VTE by excluding BMI from the overall score metric (creating a score calculated as the sum of the 6 remaining components ranging from 0 to 12). Because diet information was missing or unusable for a large number of participants, analyses were performed by excluding participants with missing information for any one of the Life's Simple 7 components and calculating the VTE HRs for each of the 7 components in individual models.
Results
There were 263 incident VTEs over a median follow-up of 5.0 years (mean, 4.7); 99 in black participants, 164 in white participants, 110 in women, and 153 in men. Of the cases, 125 were unprovoked and 138 were provoked, 135 were DVT, and 122 were PEAEDVT. Table 2 shows that participants with incident VTE were more likely to be older and male, relative to those without VTE, but there were only minor differences in race, region of residence, income, and education. There was 
Life's Simple 7 categories (inadequate, average, and optimal CVH). Table 3 shows the incidence rates and HRs of VTE by Life's Simple 7 category. The incidence rates of VTE declined from 2.9 per 1000 person-years to 1.8 per 1000 across improving Life's Simple 7 categories. Compared to those in the inadequate category, those in the optimal category had a 44% lower risk of VTE (95% CI, 18 to 62) and those in the average category had a 38% lower risk (95% CI
The interpretation of the results was not altered in analyses of provoked or unprovoked VTE, or for DVT versus PEAEDVT. For provoked VTE, the HR was 0.51 (95% CI, 0.31 to 0.83) for the average category and 0.51 (95% CI, 0.30 to 0.85) for the optimal category. For unprovoked VTE, the HRs were 0.77 (95% CI, 0.46 to 1.29) for average and 0.63 (95% CI, 0.35 to 1.13) for optimal categories. The HR for DVT was 0.65 (95% CI, 0.39 to 1.06) for the average category and 0.60 (95% CI, 0.36 to 1.02) for the optimal category. For PEAEDVT, the HR was 0.55 (95% CI, 0.33 to 0.94) for average and 0.54 (95% CI, 0.31 to 0.96) for optimal status.
For comparison, using the Framingham 10-year CHD risk prediction score, the incidence rates of VTE were 1.4 per 1000 person-years for the reference category (0% to 5% 10-year risk; n=52 VTE), 2.1 per 1000 for those with low risk (5% to 10%; n=59 VTE), 2.6 per 1000 for those with intermediate risk (10% to 20%; n=61 VTE), and 2.1 per 1000 for those with high risk (>20%; n=25 VTE). Compared to the 0% to 5% reference category, the HR was 1.10 (95% CI, 0.74 to 1.63) for low, 1.14 (95% CI, 0.74 to 1.75) for intermediate, and 0.74 (95% CI, 0.42 to 1.28) for high-risk categories, in models adjusted for age, sex, income, education, race, region, race9region interaction, and statin use. CI indicates confidence interval; HR, hazard ratio; IR, incidence rate per 1000 person-years; n/a, not applicable; VTE, venous thromboembolism.
* Results for the individual Life's Simple 7 components were not materially different in race-stratified analyses (all race interaction, P>0.10; Table 6 ), in analyses of provoked and unprovoked VTE, or analyses of DVT versus PEAEDVT.
In a sensitivity analysis to evaluate whether the relationships of the overall Life's Simple 7 score with VTE were explained by BMI (the individual component most strongly related to VTE; Table 5 ), BMI was excluded from the score (creating a score calculated as the sum of the 6 remaining components). Without BMI included in the score, the HR for the average health category was 0.56 (95% CI, 0.39 to 0.80) and for the optimal health category was 0.64 (95% CI, 0.44 to 0.94).
In sensitivity analyses excluding participants with missing information for any one of the Life's Simple 7 components (n=11 300), relationships among each of the 7 individual score components with VTE were essentially unchanged.
Discussion
In this prospective population-based cohort study, favorable status for Life's Simple 7, a metric of CVH, was associated with lower risk of VTE in black and white adults recruited from across the contiguous United States. Ideal PA and ideal BMI were strongly related to VTE risk, and these associations were independent of each other. These findings suggest that achieving the AHA's 2020 goals to improve the CVH of all Americans may also reduce the incidence of VTE. Life's Simple 7 was developed by the AHA as part of its strategic impact goal to improve the CVH of all Americans by 2020. 3 Increasing numbers of ideal Life's Simple 7 components were associated with lower incidence of myocardial infarction and stroke in previous studies. 11, 18, 21 Whereas it is generally considered that the pathogenesis of atherosclerotic CVD and VTE are distinct, 5 accumulating evidence suggests that atherosclerosis and VTE risk factors may be partly shared. 4, 22 Findings here do not strongly support this notion given that there was no association of Framingham CHD risk score with VTE risk, and because the factors driving the association of Life's Simple 7 and VTE were obesity (which is weakly or not associated with CHD risk) and PA, but not cholesterol, BP, smoking, or blood glucose.
We are not aware of other studies of Life's Simple 7 and VTE risk. We observed a strong association, with average and optimal Life's Simple 7 health categories associated with 38% and 44% lower risks of VTE, respectively. Associations were nearly identical in black and white participants, as well as by gender. In contrast, a lack of association of Framingham CHD risk scores with VTE risk highlights significant differences in the information provided by these scores and the different goals for each score. The Framingham CHD risk score was designed to predict CHD risk whereas Life's Simple 7 was designed to target lifestyle interventions to improve CVH. Our results suggest that population-wide CVD risk reduction by Life's Simple 7 may also have the additional population health benefit of reducing VTE risk.
At present, relationships between PA and VTE risk are controversial. We demonstrated a strong inverse relationship that was independent of BMI, even using a relatively crude measure of PA. The Longitudinal Investigation of Thromboembolism Etiology study, a prospective observational study similar to REGARDS, showed divergent associations by age. In younger participants, there was no association between baseline PA level and VTE, whereas in elderly people (ages 65 and older) strenuous exercise was associated with increased VTE risk. 5, 7 Moderate and regular exercise were also associated with lower DVT risk in case-control studies. 23, 24 Obesity is the lifestyle risk factor most consistently associated with VTE 22, 25 ; however, the mechanism is not understood. 26 Ideal BMI category was associated with a 66% lower VTE risk in our study. A favorable Life's Simple 7 status, however, was still associated with lower VTE risk when BMI was excluded from the score. Given that obesity is increasing at an alarming rate worldwide, our results further underscore the importance of measures aimed at reducing obesity prevalence. There were no associations of baseline health status of glucose status, hypertension, smoking, or dyslipidemia with VTE in our study. Reports describing the relationships of these factors with VTE were also inconsistent in other studies. 5, 22, [27] [28] [29] [30] [31] Though individually these components may not be strongly related to VTE risk, they are likely interrelated with other VTE risk factors. Therefore, improvements in a single CVH component may influence improvements of other CVH components. 18 The strengths of our study include the large, prospective cohort design with participants from the entire contiguous United States, as well as oversampling of black participants allowing for the evaluation of racial differences. An additional strength is the physician-validated VTE events.
Limitations include that VTE case ascertainment relied predominately on participant report, and record retrieval was not 100% in REGARDS, 13 so events were likely missed. Some variables, including medical history, income, and diet, also relied on participant report, which may have resulted in misclassification. We would expect this misclassification to bias results toward the null hypothesis. Life's Simple 7 was examined at a single time point, precluding the evaluation of changes in score with VTE risk. We also do not have information on some VTE risk factors, such as genetic thrombophilia, lung disease, frailty, heart failure, or venous insufficiency, but expect that these are not likely confounders. Importantly, this is an observational study and the Life's Simple 7 metric has not been tested experimentally, and it is not possible to establish causality.
In conclusion, favorable status of the Life's Simple 7 metric, a summary measure of CVH proposed by the AHA, was associated with lower VTE risk in a large cohort of American adults. These findings suggest that efforts to improve the population's CVH based on the AHA's Life's Simple 7 may reduce VTE incidence and could help to achieve the Surgeon General's call to action to reduce DVT and PE.
